Gadolinium doped ceria (GDC) prepared by coprecipitation method was investigated by x-ray diffraction (XRD), complex impedance measurement, and positron lifetime spectroscopy. The grain boundary conductivity was found to be lower than that of bulk conductivity. XRD revealed the fluorite structure indicating that gadolinium is successfully doped into cerium oxide. Prior to sintering, the vacancy-sized free volume and nanovoid were observed at interfaces among crystallites. The vacancy-sized free volumes shrank with increasing sintering temperatures and finally got dominant. The results suggest that the sintering process of GDC follows the kinetics of vacancy-sized free volumes and nanovoids at interfaces.
INTRODUCTION
Gadolinium doped ceria (GDC) is one of the promising candidate for electrolyte 71-6/ of solid oxide fuel cell owing to high conductivity of oxygen ions in the intermediate temperature range (773-973K). Substitution from Ce 4+ to Gd 3+ produces oxygen vacancies for compensating electric charge. Since the ionic radius of Gd 3+ is similar to that of Ce 4+ , gross distortion isn't expected in ceria host lattice. The excess oxygen vacancies lead to higher ionic conductivity than for undoped ceria.
It has been suggested that oxygen ionic conductivity of ceria based electrolyte is influenced by constituent grains. Sameshima et al. Ill reported that the grain resistance for the diffusion of oxygen ions is responsible for ionic conductivity for rare-earth doped ceria prepared by coprecipitation method. In principle, high temperature sintering over at 1573K is required for GDC to achieve density more than 90% with less open porosity. Such high temperature causes a replacement from Ce0 2 to Ce 2 0 3 , which leads to produce micro-cracks along with the degradation of conduction efficiency. Takamura et al. /8/ observed an enhancement of electric conductivity under the pressure of Gigapascal solutions (0.2mol/l) were mixed at a molar ratio of gadolinium of approximately 0.2. The mixed solution was dropped into a stirred oxalic acid solution (0.4mol/l) to produce oxalate coprecipitate. The coprecipitate was filtered, washed with ion exchanged water in several times, and dried at 313K for 8h. The oxalate coprecipitate was calcined at 873K in air for lh to form GDC. The GDC powders were uniaxially pressed into a pellet with 10mm diameter and 2mm thickness under the pressure of 20MPa. The GDC pellets were sintered from 873K to 1273K for 6h in air.
Local Atomic Structures at Grain Boundaries
In Gadolinium
Characterization
The lattice parameters of GDC were calculated from diffracted peaks measured by Cu Κα X-ray diffractmeter (Ultima IV, Rigaku corp.) operated at 40kV, 50mA. The scattering angles were calibrated using Si powder (NIST 640c). The crystallite size of GDC was estimated from range and the other in low frequency range may correspond to the oxygen migration in the bulk and across the grain boundaries, respectively. Figure 3 shows the Arrhenius plots of the ionic conductivity calculated from bulk and grain boundary resistance for GDC and Ce0 2 . The conductivity of grain boundary is lower than that of bulk in both samples. The bulk conductivity of GDC at 773 Κ is estimated to be 4.0* 10" 3 S cm" 1 , which is 160 times higher than that of 
CONCLUSION
We prepared gadolinium doped cerium oxide by oxalate coprecipitation method. XRD revealed that GDC has the fluorite structure with oxygen vacancies, indicating that gadolinium is successfully doped into cerium oxide. The bulk ionic conductivity of GDC sintered at 773K for 6h in air is 4.0><10' 3 S / cm, which is 160 times higher than that of Ce0 2 . This result indicated that the oxygen vacancies have an influence on the bulk ionic conductivity effectively. Positron lifetime spectroscopy revealed the presence of vacancy-sized free volumes and nanovoids, of which the kinetics is associated with sintering.
